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Creep Behavior of Ti-6A1-4Nb-4Zr Fabricated by Powder Bed Fusion Using a Laser Beam

Yoko Yamabe-Mitarai'*2, Takashi Inoue®*?, Tomoki Kuroda'-*#, Sae Matsunaga', Yoshiaki Toda?, Tetsuya Matsunaga'-*3,

Tsutomu Ito*, Ryosuke Ozasa’, Takuya Ishimoto>® and Takayoshi Nakano?

! Department of Advanced Materials Science, Graduate School of Frontier Sciences, The University of Tokyo, Kashiwa 277-8561
2 Department of Materials Engineering, The University of Tokyo, Tokyo 113-8565

3 Center for Basic Research on Materials, National Institute for Materials Science, Tsukuba 305-0047

4 Department of Mechanical Systems Engineering, Faculty of Engineering, Toyama Prefectural University, Imizu 939-0398

3 Division of Materials and Manufacturing Science, Graduate School of Engineering, Osaka University, Suita 565-0871

6 Aluminium Research Center, University of Toyama, Toyama 930-8555

Powder bed fusion using a laser beam (PBF-LB) was performed for Ti-6Al-4Nb-4Zr (mass %) developed by our group to improve the
oxidation resistance at temperatures greater than 600C by adding Nb and Zr to near-a alloys. Microstructure evolution of the PBF-LB samples
by heat treatment was investigated, especially for heat treatment duration in the « +  phase, cooling rate, and heat treatment in the § phase. The
equiaxed a phase formed during heat treatment along the melting-pool boundaries. The high volume fraction of the o phase and high Nb
contents in the f phase was obtained by slow cooling (furnace cooling) compared with fast cooling (air cooling). The a/f lamellar structure
formed in the melting pool boundaries with 100 pm in size and no equiaxed o phase formed along the boundaries by heat treatment in the § phase
regime. Creep life at 600C and 137 MPa was similar for the air-cooled and furnace-cooled samples, but the slightly slower deformation
was obtained in the furnace-cooled sample. Creep life of the sample heat treated in the p phase region drastically increased due to the absence of
the equiaxed o phase. Dominant deformation mechanism of creep was grain boundary sliding. The small equiaxed o phase accelerated grain
boundary sliding. [doi:10.2320/jinstmet.JA202406]
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Table 2 Heat treatment (HT) conditions.
PBF-LB Sample HT Phase HT time Cooling rate Mechanical
condition temp. test
set (°C)
C-1 970 o+p 5mins AC.
C2 970 a+B 10mins A.C.
. C3 970 a+B 2h A.C.
C4 970 a+P 2h F.C.
C-5 970 a+B 168h A.C.
C-6 1100 B 2h A.C.
A-1 970 o+B 2h A.C. Creep
A A-2 970 o+P 2h F.C. Creep
A-3 1100 B 2h A.C. Creep
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Fig. 1 Backscattered electron images of the side plane of the sample
C heat treated at 970C for (a) 5 mins, (c) 10 mins, (¢) 2 hours,
and (g) 168 hours, respectively. (b), (d), (f) and (h) are high-
magnification images of (a), (c), (e), and (g), respectively.
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Fig. 2 Backscattered electron images of the side cross-sections of sample C heat treated at 970°C for 2 hour followed by (a) air cooling and (b) furnace

cooling.

Table 3 Phase composition of sample C after heat treated at 970C followed by air cooling (A. C.) and furnace cooling (F. C.).

HT condition Phase Ti Al Nb Zr )
Equiaxed a 86.7 8.4 1.2 1.6 2.1
970 °C 2h
A C. Plate o 86.8 8.2 1.5 1.7 1.8
B 86.5 6.8 3.1 2.2 14
Equiaxed a 87.7 8.5 1.3 1.7 0.8
70 °C. 2h Plate o 87.1 8.3 1.3 1.7 1.6
F.C.
B 84.4 5.6 6.2 2.5 1.3

Fig. 3 Backscattered electron images of sample C heat treated at 1100C for 2 hours followed by air cooling.
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Fig. 4 Backscattered electron images of the side cross-sections of sample A heat treated at 970C for 2 hour followed by (a) air cooling and (b) furnace

cooling.

Table 4 Phase composition of sample A after heat treated at 970C

followed by air cooling (A. C.) and furnace cooling (F. C.).
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Fig. 5 Backscattered electron image of sample A heat treated at
1100C for 2 hours followed by air cooling.
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Fig. 6 Creep curves tested at 600C under 137 MPa. (a) The strain-time curves of sample A heat treated at 970°C for 2 hours followed by air cooling or
furnace cooling, and (b) sample A heat treated at 1100°C for 2 hours followed by air cooling together with the strain-time curves of samples B, D, and
forged samples in the previous study [16].
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Fig. 7 Step creep curve of sample A-1 heat-treated at 970C for 2 hours followed by air cooling. Creep test was performed at 600 .
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Fig. 8 Step creep curve of sample A-2 heat-treated at 970C for 2 hours followed by furnace cooling. Creep test was performed at 600C.
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Fig. 9 Arrenius plot of sample A after step creep test shown in
Figs.7 and 8.
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LI rhmmEshil1s]l 22, AlGHAEDRDLTPICHY
Ti-7.5A1-4Nb-4Zr D3N 4 & — FIVHHREB L ORZEAY 110 um
& 550 um D JFIRMARIZ DO WT, 600CI2B T B I IR % 5
HLAM9] s olsifeix, 150MPa £ Y WG )T
138 4 TH o 7225, 150MPa & D RWIETITIE 3 124 L7-.
FreoI T TOWIETIE, PBF-LB R#iE & & O TH Ay
R, WML, N = FOVHER, IR & o MR
DFENIHD ST, BREHEIZIZIIZNETHD I LIRS
nz-.

Kim &%, PBF-LB TE# L7z Ti-6A1-4V O 7 ) — 74T
B2 R L72[10]. 51, V7 U¥ A MEAET S
ARE DI IIHREAS, 500T T 80MPa A5 140 MPa D)5 JJ F T
3THHILERL, BZ Y —THEEN R ERERTH
52 EERL[10]. & 51T, Viespoli H X, V7 rH A
Nk % A B Ti-6A1-4V @ PBE-LB X FHI DWW T, 450C,
550C, 650C T2 ) =7z ME L TWwB19]. I
13 650C T 3.7, 450CT5.6 TH o7z, IHIREIE, A
WP NEERDT B e bhrol. 2T e, K
i BIS T TOEREM LB T ) THD I EPRES
N7y, RBRIREDS LA L, AMISHAMET$5 &, iz
AL EROEELREL 2D, T2, 600C DRI ITiKT
BB HIBBANEL BB 200, BT L0 HRRT
XY RPFL Ty V) =T RO 2 ) — TEAE AT B & 7
52 ENbhrols. RIFETHONIZZ ) — TETERREC R
T2, MOWEERED B TL2LDTHo72.

IR O Ti A4 D 400-600C OIREEHPHIZ B 2 I8 Tk
BiE, ASRERRBOENIZE 22b 5T, —#&IZ3-6 T
HY, BEREEPEN ) —TTHEI LR LTWVDH[25-
30]. #&iEAE & PBF-LB il KL OMARITHU L Tw iz o,



170 HA &R 5

AR 2SR R B 23 2 P 2R TS,
FEIIFAEL RV,

TatAZL5

4. #& A

PBF-LB CTIEH# L 72 Ti-6A1-4Nb-4Zr 12D\ T,  BRJLB I [
EHREEZBAI GG EOS VT YA DK O AR ZE
LZMR7z. S5, pHFETORMIPIZ L 2~V T V4
A MR OALFRZEALIS DWW T B T,

(1) 970C T 2h DAL, <7 H A4 MHOMKILE
LI, HAZTROFBERIBEIR T 10um DK & S D55l o #
A L7z, 168h ORI, o HOAEREABIML,
MK 7 R IR AT K & 7z,

(2) HHAE X, Widmanstitten #15 O o ORI GH L B
MO Nb AR L, ZH ek L <, FiEeho o
DEFEDHIT 76% 5 5 86% WML, Nb &AXIE pH D
3.1at% A5 6.2at% 3N L 72

(3) 1100C T2h BHLFLF 5 Z L 12X Y, 100 um IF D 7Rk
P R IRRLRE DT S 7z, RS Ry - TS5 o M
WL 2o 7.

(4) 600C, 137MPa ® 2 V) — TR TIE, 224 3k
EHHERBO 7 ) = TERICOT R ENA SN, FER
BHE, o HOEB T RBE L, pHO Nb EHEPE V2D,
) =T EIREARDRDT IS o7z

(5) 7V —=7EREEET L=y ATy b E T
L7zfE 0, MM 22 REBRIRA T ) THL I E2%Db
o7z, BENBELRIR > TR E N2 KE S 10um O 45 i)
o SRR TR 2 i L7z, 970C THAWHA L 7258k o~
) — 74, 1100C THUHE L2 L D o7z &
g, ERIBEE TSN - THH o HAEIE L 72720 TH 5.

AIFFE D —3R1L, Fh=0F 78 e il Bh 4 2240 48 4 AT 92 (A)
21H05198 B X OB &IE B A X0 % %) 72
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